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 Huge need in electricity causes placement of Distribution Generation (DG)s 
like Photovoltaics (PV) systems in distribution side for enhancing the 
loadability by improving the voltage stability and minimization of loss with 
minimum cost. Many optimal placements of DG have done in focus of 
minimum loss and improving voltage profile. This Whale optimization is a 
new optimization technique framed with mathematics of spiral bubble-net 
feeding behavior of humpback whales for solving a power system multi-
objective problem considering cost of the power tariff and DG. Here main 
objectives are minimizing loss and cost with maximization of voltage 
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1. INTRODUCTION  
The need of distribution side planning is becoming important due to the need of electricity is 
increased. The optimal placement of DG and sizing is done by many researches to improve voltage profile 
and losses [1]-[4]. Various algorithms like Particle swarm optimization (PSO), bat algorithm and cuckoo 
search algorithms are used in [1]-[4] for minimization of loss and improving the voltage. Multi-objective 
optimization is also done by many researches like improving voltage profile and minimization of  
losses [5], [6]. But cost based analysis is not carried out more. 
In [6] cost of the DG and cost of the tariff is considered for the solution of optimal placement. In this 
paper whale optimization of multi-objective solution in optimal placement of PV based DG is implemented 
to minimize loss and cost with maximization of VSI.  
 
 
2. SOLAR MODELED AS DG 
The PV module generated power depends upon solar irradiance, ambient temperature and module 
characteristics. The PV array output power at solar irradiance s can be calculated using [3].  
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Where,  
Tcy & TA -        mo  l    mp         n   m   n    mp          n  C   
NOT  - mo  l  nom n l op     n    mp          n  C  
Isc - short circuit current (A) 
Voc - open circuit voltage (V) 
Kv - temperature coefficient of voltage  
Ki - temperature coefficient of current 
FF - fill factor 
N - the total number of PV modules  
IMPPT  - maximum power point for current (A) 
VMPPT  - maximum power point for voltage (V) 
DGs are of various types. These are classified mainly on the basis of fuel used, renewable energy 
and non-renewable energy, capacity of generation, electrical output etc. Based on real and reactive power 
delivery capacity, DGs are categorized into four major types. 
Type1: PVs capable of generating only active power. These are asynchronous based DG technology.  
Type2: PVs capable of generate both real and reactive power.  
 
 
3. MULTI-OBJECTIVE PROBLEM FORMULATION 
The objective functions (OF) are to minimize real power Loss, maximize voltage stability index and 
minimize cost of loss with cost of DGs in radial distribution system, while taking care of voltage limit of the 
system. Weight method is used in this paper to convert multi-objective functions (MOF) into a single 
objective function. The objective function is represented mathematically as: 
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Here, F1 – Real power loss 
          F2 – Voltage stability index 
          F3 – Combined cost of power loss (CPD) and DG cost (CPDG)   
Where, W1, W2 and W3 are weight factors here W1+W2+W3 = 1 
Power Losses: The total real power losses at all nodes cause by circulating current in the network by 
substation and DGs are calculated. This objective function is formulated as: 
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Ploss – real power loss in MW without DG 
Ploss DG - Real power in loss in MW with DG placed 
 
Voltage Stability Index (VSI): Distribution system is generally radial in structure. The buses which 
are far away from the substation are subject to more voltage drop and hence, sensitive to voltage collapse.  
So, to identify the buses which are most sensitive to voltage collapse, VSI is used in [4]. 
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VSI is the voltage of sending end node where as Vr, Pr, Qr, Rr and Xr are receiving end node voltage, 
reactive power, resistance and impedance. 
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Here r = 2,3..total number of bus 
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Cost function: Cost is based on the lost power in MW as well as the DG generated power, the cost of 
DG (CPDG) is taken as 46 US $/MWh and the power loss Cost (CPD) is taken as 44.5 $/MWh. 
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In optimization function    
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Here Pdg,i – is the PV connected at i
th
 bus  
This objective is constrained with Voltage limit (0.95<V<1.05), line limit and power flow limits. 
 
 
4. WHALE OPTIMIZATION METHOD [7] 
The most interesting thing about the humpback whales is their special hunting method.  
This foraging behavior is called bubble-net feeding method [7]. Humpback whales prefer to hunt school of 
krill or small fishes close to the surface. It has been observed that this foraging is done by creating distinctive 
    l s  lon    c  cl  o  „9‟-shaped path. Before 2011, this behavior was only investigated based on the 
observation from surface. However, Gold-bogen investigated this behavior utilizing tag sensors.  
They captured 300 tag-derived bubble-net feeding events of 9 individual humpback whales. They found two 
maneuvers associated wit      l   n  n m      m „ pw   -sp   ls‟  n  „ o  l -loops‟. In     fo m   
maneuver, humpback whales dive around 12 m down and then start to create bubble in a spiral shape around 
the prey and swim up toward the surface. The later maneuver includes three different stages: coral loop, 
lobtail, and capture loop. It is worth mentioning here that bubble-net feeding is a unique behavior that can 
only be observed in humpback whales. In this work the spiral bubble-net feeding maneuver is mathematically 
modeled in order to perform optimization of DG place and size. The procedure is given below, 
Step 1: In    l z      w  l ‟s pop l   on Xij (i = 1, 2, ..., n) j= number of search variables (location and size 
of DG) 
Step 2: Calculate the fitness of each search agent 
X*=the best search agent 
Step 3: check the maximum number of iterations reached for each search agent. Update a, A, C, l, and p. 
(here, A&C – coefficient vector, a- linearly decreased from 2 to 0, l is the random number between [-1,1], p 
is random number between [0,1]).  
Step 4: if p<0.5 and |A|< 1 then Update the position of the current search agent by the Equations (12), (13) 
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Here t is iteration count. 
else if |A|>=1 Select a random search agent (Xrand). Update the position of the current search agent 
by the Equation (14). 
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Step 5: if p>=0.5 Update the position of the current search by the Equation (15) 
 
 (   )            (    )    ( )       (15) 
 
Step 6: Check if any search agent goes beyond the search space and amend it Calculates the fitness of each 
search agent. Update X* if there is a better solution increment iteration count t=t+1 and go to Step 3. 
Step 7: Display result X* 
 
 
5. RESULTS AND DISCUSSION 
The proposed method is verified on a 69 bus radial distribution system. The power of all network 
buses are assumed to be delivered by the substation placed at node 1. The total real power loads and reactive 
power loads on the 69 radial distribution system are 3.80 MW and 2.69 Mvar respectively. The objective 
functions values before installation of DG, which include the total power losses and VSI values, are 0.2250 
MW and 0.6883 respectively. In order for directly obtained the optimal siting and sizing of DG in the 
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distribution system with the target of minimizing the total real power losses and improve voltage stability 
while maintain the acceptable voltage limit, the whale optimization algorithm is used, which is a self-
developing code, built using Matlab script functions. 
 
Cases under study 
In this paper Type1 and Type2 DGs are considered for study. Hence, there are two cases: 
Case I: Optimal allocation of Type1 DGs i.e. DG capable of generating only active power. For single DG 
Case II: Optimal allocation of Type1 DGs i.e. DG capable of generating only active power. For two DG 
Case III: Optimal allocation of Type1 DGs i.e. DG capable of generating only active power. For three DG 
Case IV: Optimal allocation of Type2 DGs i.e. DG capable of generating both active and reactive power. 
These DGs are considered to have constant power factor of 0.85 (lagging) with one DG 
Case V: Optimal allocation of Type2 DGs i.e. DG capable of generating both active and reactive power. 
These DGs are considered to have constant power factor of 0.85 (lagging) with two DG 
Case VI: Optimal allocation of Type2 DGs i.e. DG capable of generating both active and reactive power. 
These DGs are considered to have constant power factor of 0.85 (lagging) with three DG 
 
Table 1 shows the place and size of DG in all the six cases with two types of DGs. Here the DG are 
considered with PV based generators. The cost of the DG is considered as 46 $/MWh and cost of loss is 
considered as 44.5$/MWh [6].  
 
 
Table 1. Obtained Results 
Type Case 
Optimal  






DG1 DG2 DG3 DG1 DG2 DG3 
1 Case 1 61 - - 2.2 - - 0.0868 0.886 0.492 105.0626 
  Case 2 12 61 - 1.2 2 - 0.0785 0.957 0.444 58.69325 
  Case 3 12 61 68 5 1.9 1 0.0784 0.942 0.433 320.8888 
2 Case 4 61 - - 2.1 - - 0.0255 0.9 0.408 97.73475 
  Case 5 13 61 - 0.8 1.9 - 0.0104 0.9772 0.353 124.6628 
  Case 6 2 17 61 4.9 0.6 1.8 0.0082 0.9773 0.329 336.1649 
 
 
The cost wise best one is Type 2 - case 4. In sort of improvement in VSI then case 2. In case of  
power loss it is case 6. So the choice can be made with cost, loss and VSI parameter to implement in real 
time system. And from the cost analysis it can be seen that based on cost analysis there is a more than 90% 
need of the cost for placement of DG in all the cases. This cost based analysis with DG placement is not done 
in any literature. Convergence graph for TYPE-1 DG shown in Figure 1. Convergence graph for TYPE-2 DG 





Figure 1. Convergence graph for TYPE-1 DG 
 
Figure 2. Convergence graph for TYPE-2 DG 
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The whale optimization based multi-objective solution of optimal DG placement is done with IEEE 
69 bus system with standard cost and data. In multi-objective minimization of cost and real power loss with 
maximization of VSI is considered. The results show that there is a need for 90% more cost to place the DG 
in the system. And here PV based DG model is used for placement and sizing problem. The solution shows 
verity of choices for optimal placement and sizing of DG in real system. 
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